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We study the KΛ(1405) configuration of the KK¯N system by considering KpiΣ as a coupled channel. We
solve the Faddeev equations for these systems and find confirmation of the existence of a new N∗ resonance
around 1920 MeV with Jpi = 1/2+ predicted in a single-channel potential model and also found in a Faddeev
calculation as an a0(980)N state, with the a0(980) generated in the KK¯ , piη interaction.
PACS numbers: 14.20.Gk, 14.20.Jn, 14.40.Be, 13.75.Jz, 21.45.-v
The study of three-body systems is one of the important
issues of contemporary nuclear physics and has attracted con-
tinuous attention. Chronicled examples are baryonic three-
body bound systems, such as tritium, 3He (NNN ) and hy-
per triton (pnΛ). Recently, interest in three-body systems
has developed, and resonance systems including mesons as
the constituents are considered based on current knowledge
of hadronic interaction.
Evidences for several existing and new states which can
be interpreted as three-body resonances are being reported
from theoretical and experimental studies. For example,
it has been claimed that the Y (4660) resonance found in
e+e− → γISRπ+π−ψ′ can be interpreted as a f0(980)ψ′
bound state [1]. For the πK¯N system, the Faddeev equa-
tions were solved using unitary chiral dynamics and coupled
channels and dynamical generation of all the Σ and Λ res-
onance states with JP = 1/2+ listed by the Particle Data
Group (PDG) in the energy region 1500-1800 MeV was found
in Ref. [2]. The same formalism applied to the ππN system
and its coupled channels revealed the dynamical generation
of the N∗(1710), N∗(2100) and ∆(1910) [3]. The X(2175)
state, reported by different experimental groups [4, 5] in the
φf0(980) invariant mass, has been explained as a φKK¯ reso-
nance with KK¯ forming the f0(980) resonance [6–8].
Further, kaonic nuclear few-body systems are of special in-
terest in relation with strangeness nuclear physics. Possible
existence of K¯NN bound states was pointed out in 60’s [9]
by considering the Λ(1405) hyperon resonance as a quasi-
bound state of K¯N as suggested in Ref. [10]1. Recently thor-
ough theoretical investigations of the K¯NN system in var-
ious approaches [12–16] indicate a quasibound state with a
large width. Baryonic systems with two kaons were also in-
vestigated in Refs. [17, 18] with a single channel variational
method. For the KK¯N system [18], a quasibound state of
these hadrons was found around 1910 MeV for an N∗ with
I = 1/2 and JP=1/2+ using the effective K¯N potential
derived in Ref. [19] and the K¯K interactions reproducing
f0(980) and a0(980) as K¯K quasibound states with 980 MeV
mass and 60 MeV width. In case of the N∗ state found in Ref.
[18] the K¯N pair forms the Λ(1405) and, simultaneously, the
1 A recent investigation using a coupled channel approach based on chiral
dynamics also confirmed that the Λ(1405) resonance can be described sub-
stantially by a meson-baryon molecular state [11].
KK¯ pair is resonating as the a0(980). The same state was
also found independently in a study of the NKK¯, Nππ and
Nπη coupled channels based on solution of the Faddeev equa-
tions [20]. There it was concluded that a state indeed appears
around 1920 MeV when the hadrons rearrange themselves to
form a a0(980)N system and that the contribution of the Nππ
andNπη channels was negligible in the dynamical generation
of this resonance. AN∗ state with these properties is not listed
by the PDG, however, there have been some proposals that
this state can be seen in the data for the γp → K+Λ reaction
[21, 22], although the situation is still controversial [23–25].
The single channel variational approach [18] found that this
new N∗ state substantially contains Λ(1405) in the K¯N sub-
system. In the Faddeev analysis [20], although two-body cou-
pled channels were fully considered, explicit three-body chan-
nels of KπΣ and KπΛ were not taken into account. The
KπΣ channel could produce some changes on the characteris-
tics of the N∗ state found in Ref. [18, 20], since the Λ(1405)
is dynamically generated in coupled channels such as K¯N
and πΣ [26–30], especially the lower pole2 of the Λ(1405)
couples strongly to the πΣ channel [29, 32]. Thus, this arti-
cle is devoted to further clarification of the properties of this
new N∗ state. To do that we follow the coupled-channel Fad-
deev approach developed in Ref. [2] but taking into account
coupled channels of KπΣ and KπΛ together with KK¯N .
Let us briefly explain our formulation to study three-
body coupled channels of two mesons and one baryon with
JP = 1/2+. Paying special attention to the dynami-
cal generation of the Λ(1405) in the K¯N and πΣ subsys-
tems, we consider the KK¯N , KπΣ and KπΛ channels
with total charge zero, namely, in the charge base, K0K−p,
K0K¯0n, K0π0Σ0, K0π+Σ−, K0π−Σ+, K0π0Λ, K+K−n,
K+π0Σ−, K+π−Σ0, K+π−Λ, and calculate the three-body
T matrix for the different transitions.
To determine the three-body T matrix we follow the for-
malism developed in Refs. [2, 3, 20, 34] which is based on the
Faddeev equations [35]. In terms of the Faddeev partitions,
T 1, T 2 and T 3, the three-body T -matrix is written as
T = T 1 + T 2 + T 3. (1)
2 It was pointed out in Refs [28, 29, 31, 32] that there exist two poles
around the Λ(1405) energy region, having them different coupling nature
to meson-baryon states. Detailed discussion on the double pole structure
of the Λ(1405) in chiral unitary approaches can be found in Refs. [29, 33].
2In our formalism these partitions are expressed as [2, 20, 34]
T i = tiδ3(~k ′i − ~ki) +
3∑
j 6=i=1
T ijR , (2)
for i = 1, 2, 3 with ~ki (~k′i) being the initial (final) momentum
of the particle i and ti, i = 1, 2, 3, the two-body t-matrix
which describes the interaction for the (jk) pair of the system,
j 6= k 6= i = 1, 2, 3. In our approach, this two-body t-matrix
is calculated by solving the Bethe-Salpeter equation with the
potential obtained from chiral Lagrangians [27–29, 36, 37].
Namely we consider all possible two-body channels of meson
(π, η, K , K¯) and baryon (N , Λ, Σ, Ξ) which couple to K¯K ,
πK , K¯N , KΣ and KN , but except for the ηη channel, which
is not important in ππ and K¯K dynamics [36].
In Eq. (2), the T ijR partitions include all the different con-
tributions to the three-body T matrix in which the last two
interactions are given in terms of the two-body t-matrices tj
and ti, respectively, and satisfy the following set of coupled
equations
T ijR = t
igijtj + ti
[
G iji T jiR +G
ijk T jkR
]
, (3)
for i 6= j, j 6= k = 1, 2, 3.
In Eq. (3), gij’s correspond to the three-body Green’s func-
tion of the system and its elements are defined as
gij(~k′i,
~kj) =
(
Nk
2Ek(~k′i +
~kj)
)
× 1√
s− Ei(~k′i)− Ej(~kj)− Ek(~k′i + ~kj) + iǫ
, (4)
with Nk = 1 for mesons and Nk = 2Mk for baryons with
baryon mass Mk, and El, l = 1, 2, 3, is the energy of the par-
ticle l. The Gijk matrix in Eq. (3) represents a loop function
of three-particles and it is written as
Gi j k =
∫
d3k′′
(2π)3
g˜ij · F i j k (5)
with the elements of g˜ij being
g˜ij(~k′′, slm) =
Nl
2El(~k′′)
Nm
2Em(~k′′)
× 1√
slm − El(~k′′)− Em(~k′′) + iǫ
, (6)
for i 6= l 6= m, and the matrix F i j k, with explicit variable
dependence, is given by
F i j k(~k′′, ~k′j ,
~kk, s
k′′
ru ) =
tj(sk
′′
ru )g
jk(~k′′, ~kk)
[
gjk(~k′j ,
~kk)
]−1[
tj(sru)
]−1
, (7)
for j 6= r 6= u = 1, 2, 3. In Eq. (6), √slm is the invariant
mass of the (lm) pair and can be calculated in terms of the
external variables. The upper index k′′ in the invariant mass
sk
′′
ru of Eq. (7) indicates its dependence on the loop variable,
as it was shown in Ref. [2].
The main advantage of Eq. (3) is that they are algebraic
coupled equations and not integral equations as it was shown
in Refs. [2, 20]. In these works, for the first time, cancella-
tion between the contribution of the off-shell parts of the chi-
ral two-body t-matrices to the three-body diagrams and the
contact term with three particles in the initial and final state,
whose origin is in the chiral Lagrangian used to describe the
interaction, was found analytically (see Refs. [2, 3, 20] for
more details).
In terms of the T ijR partitions (Eq. (3)), the expression
for the full three-body T -matrix can be obtained combining
Eq. (1) and Eq. (2). Nontrivial three-body dynamics appears
in
TR ≡
3∑
i=1
3∑
j 6=i=1
T ijR . (8)
This amplitude is a function of the total three-body energy,√
s, and the invariant mass of the particles 2 and 3, √s23.
The other invariant masses, √s12 and √s31 can be obtained
in terms of
√
s and √s23, as it was shown in Ref. [2, 3]. To
present our results, we have chosen
√
s and the invariant mass
of one of the two-body subsystems, √sij . All the matrices
in Eq. (3) are projected in S-wave, thus the quantum numbers
of the three-body system and, hence, the resulting resonances
are Jpi = 1/2+.
Let us discuss the results obtained for the three-body am-
plitude TR. Our discussion concentrates on showing |TR|2
for real values of
√
s and of the invariant mass of one of the
two-body subsystems, in concrete, √sK¯N and √sKK¯ . We
have solved Eq. (3) in the charge base, thus, to study the
existence of a three-body N∗ resonance around 1920 MeV
we have to project TR on the isospin base with total isospin
I = 1/2. Our interest is to examine the possibility of ex-
istence of a N∗ resonance which appears as a KK¯N bound
state when the K¯N subsystem and its coupled channels gen-
erate the Λ(1405), as pointed out in Ref. [18]. For this
purpose, we specify also the isospin of the two-body sub-
system. First, we calculate the three-body TR matrix for
the KK¯N channel projected on total isospin I = 1/2 and
the K¯N subsystem with IK¯N = 0, which we represent as
(TKK¯NR )
(I=1/2,IK¯N=0) = 〈I = 1/2, IK¯N = 0|TKK¯NR |I =
1/2, IK¯N = 0〉. In addition, to understand the character-
istics of this N∗ further, we also show the TR matrix pro-
jected on I = 1/2 with the K¯K subsystem in isospin one,
IK¯K = 1, which is denoted by (TKK¯NR )(I=1/2,IK¯K=1) =
〈I = 1/2, IK¯K = 1|TKK¯NR |I = 1/2, IK¯K = 1〉. In the K¯K
two-body subsystem with IK¯K = 1, a0(980) is dynamically
generated (Ref. [36, 37]).
In Fig. 1 we show the contour plots correspond-
ing to the three-dimensional plots of the squared three-
body TR matrix, (TKK¯NR )(I=1/2,IK¯N=0) (upper panel) and
(TKK¯NR )
(I=1/2,IK¯K=1) (lower panel) plotted as functions of
the total energy of the three-body system,
√
s, and the K¯N
invariant mass, √sK¯N , and the K¯K invariant mass,
√
sK¯K ,
respectively. As it can be seen in the upper panel, a peak in the
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FIG. 1. Contour plots of the three-body squared amplitude |TR|2 for
theN∗ resonance in theKK¯N system as functions of the total three-
body energy,
√
s, and the invariant mass of the K¯N subsystem with
IK¯N = 0 (upper panel) or the invariant mass of the K¯K subsystem
with IK¯K = 1 (lower panel).
squared amplitude is obtained around
√
s ∼ 1922 MeV when
the K¯N subsystem in isospin zero has an invariant mass close
to 1428 MeV. In the lower panel, the peak shows up when the
invariant mass of the KK¯ subsystem is around 987 MeV.
We also find the N∗ resonance at the same value of
√
s in
the TR matrices for different isospin combinations of the K¯N
and K¯K subsystems. For the case in which the K¯N sub-
system is in isospin 1, IK¯N = 1, the (TKK¯NR )(I=1/2,IK¯N=1)
matrix shows a less pronounced peak structure for the N∗,
due to the fact that the projected TR matrix on IK¯N = 1 has
tiny contributions of the Λ(1405) in the intermediate states.
The ratio of the |TR|2 matrices with IK¯N = 1 and IK¯N = 0
at the resonance point, (
√
s,
√
sK¯N ) = (1923, 1428) MeV, is
found to be a tiny value, ∼ 0.008. Also, for the K¯K sub-
system, the ratio of |TR|2 with IK¯K = 0 and IK¯K = 1
at (
√
s,
√
sK¯K) = (1923, 987) MeV is ∼ 1. Although the
magnitude for these two matrix elements with IK¯K = 0 and
IK¯K = 1 is very similar, it does not mean that the fraction
of the IK¯K = 0 and IK¯K = 1 components in the N∗ state is
similar, since this fraction depend on the isospin configuration
of the K¯N subsystem. Group theory tells us that, in case the
K¯N subsystem has purely IK¯N = 0, the ratio of the IK¯K = 1
and IK¯K = 0 components is 3 to 1 for total I = 1/2. Since, in
the present case, the K¯N pair dominantly has IK¯N = 0, the
IK¯K = 1 component is favored in the N∗ state. This implies
that the N∗ resonance contains mostly a0(980) in the K¯K
subsystem with IK¯K = 1 and less contribution from f0(980)
with IK¯K = 0. The attraction in the KK¯ and K¯N subsys-
tems is strong enough to compensate the repulsion in the KN
subsystem and form a bound state.
It is well known that the K¯N interaction and coupled chan-
nels generate the Λ(1405) state, with a double pole structure
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FIG. 2. Dashed Lines: (Left) Kpi → Kpi t matrix with isospin
1/2. The κ resonance is generated around 850 MeV. (Right) t matrix
for the KΣ → KΣ transition with isospin 1/2, which shows the
presence of the N∗(1535). Solid line: Energy range used in the
three-body calculation for the Kpi interaction (Left) and for the KΣ
interaction (Right). The units are arbitrary.
[29]: there is a pole around 1390 MeV, which couples strongly
to πΣ, and another one around 1426 MeV, which couples
dominantly to K¯N . Similarly, the KK¯ interaction and cou-
pled channels generate the σ(600), f0(980), and a0(980) res-
onances [36, 37]. Therefore, the fact that the peak of the
three-body TR matrix around 1920 MeV gets generated when
the K¯N subsystem has an invariant mass close to 1428 MeV
with IK¯N = 0 and, at the same time, the KK¯ subsystem
has an invariant mass of around 987 MeV with IKK¯ = 1 is
indicating that the N∗ resonance obtained has an important
KΛ(1405) and a0(980)N components. This result is consis-
tent with what was found in the variational method [18].
We also find that the contribution of the KπΣ and KπΛ
channels to the three-body TR matrix does not alter the peak
position and width found in the case in which only the KK¯N
channel was considered. Therefore, solving the equations
only with the KK¯N channel alone gives the same results as
the ones obtained in the coupled channel approach. The result
that the KπΣ channel does not seem to play an important role
in the dynamical generation of the KK¯N bound state can be
understood by considering the fact that while in the πΣ system
we have the presence of the Λ(1405) resonance, the energy
range relevant for the Kπ and KΣ interactions in the three-
body calculation (solid line in Fig. 2, respectively) is far from
the energy in which the κ(850) and N∗(1535) get dynami-
cally generated, which are the only resonances generated with
the unitary chiral approach in the respective systems [36–38],
and, thus, these interactions are weaker as compared to those
of KK¯ and K¯N in the KK¯N channel. We have also solved
Eq. (3) without the inclusion of the KK¯N channel and we
have found a signal for the N∗(1910) in the KπΣ channel3,
although it is much weaker than the one obtained when the
KK¯N channel was added. Similar situation occurs for the
KπΛ channel. Therefore, the N∗(1910) is made mainly by
KK¯N , where one has the presence of the Λ(1405) in the K¯N
interaction as well as the a0(980) in the KK¯ interaction.
3 The energy position as well as the piΣ invariant mass for which the peak
gets generated is a bit different from the case where the KK¯N channel is
considered:
√
s ∼ 1915 MeV, √spiΣ ∼ 1415 MeV. This fact could be
related to the double pole structure of the Λ(1405).
4Recently, it has been pointed out in Ref. [39] that two
resonance poles are found in the K¯NN system with total
isospin I = 1/2 and JP = 1/2+ between the K¯NN and
πΣN threshold, when a Weinberg-Tomozawa energy depen-
dent two-body interaction is used for a three-body Faddeev
calculation: one pole is located moderately below the K¯NN
threshold with a narrow width, while the other one appears
above the πΣN threshold with a substantially large width.
These poles are associated with the two-pole nature of the
Λ(1405) generated in the K¯N and πΣ subsystems. We have
also looked for another resonance state associated with the
lower Λ(1405) pole, but we could not find any signal for such
a deep state in the TR matrix evaluated with real values of√
s. This means either that there is no such a resonance state
or that there is a resonance state having such a large width that
the resonance contribution cannot be seen in the real axis of√
s.
To summarize, we have studied the KK¯N , KπΣ andKπΛ
systems by solving the Faddeev equations in a coupled chan-
nel approach. The input two-body t-matrices have been ob-
tained by using potentials from chiral Lagrangians and solving
the Bethe-Salpeter equations in a unitary coupled channel ap-
proach. We have found the contribution of theKπΣ andKπΛ
channels to the three-body T matrix to be negligible around a
total energy for the three-body system close to 1920MeV and,
thus, one could solve the Faddeev equations considering only
the KK¯N channel. The resolution of that equations has lead
to the dynamical generation of a N∗ resonance around 1920
MeV with Jpi = 1/2+, as was predicted in [18] and found
in [20]. The resonance is generated when the K¯N subsystem
is resonating as the Λ(1405) and, at the same time, the KK¯
interaction generates the a0(980) resonance.
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